In normal aging, a peripheral immune challenge induces a sensitized and protracted neuroinflammatory response in parallel with long-term memory (LTM) impairments. Pro-inflammatory mediators of neuroinflammation impair LTM, synaptic plasticity and LTP. The immediate early gene Arc is considered a critical protein regulating LTM and synaptic plasticity. The present investigation examined whether (1) a peripheral Escherichia coli infection suppresses hippocampal Arc expression, and (2) 
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In normal aging, a peripheral immune challenge induces a sensitized and protracted neuroinflammatory response in parallel with long-term memory (LTM) impairments. Pro-inflammatory mediators of neuroinflammation impair LTM, synaptic plasticity and LTP. The immediate early gene Arc is considered a critical protein regulating LTM and synaptic plasticity. The present investigation examined whether (1) a peripheral Escherichia coli infection suppresses hippocampal Arc expression, and (2) central pro-inflammatory cytokines (IL-1b and IL-6) mediate the effects of peripheral E. coli infection on Arc and LTM. In 24 months F344 Â BN F1 rats, E. coli infection suppressed basal Arc gene expression as well as contextual fear conditioning-induced Arc expression. E. coli treatment failed to alter either basal or conditioninginduced c-Fos expression. At 24 h post-infection, intra-cisterna magna (ICM) treatment with the antiinflammatory cytokine IL-1RA blocked the E. coli-induced suppression of hippocampal Arc and increases in IL-6 protein. At 4-day post-infection, IL-1RA blocked the E. coli-induced LTM impairments and increases in IL-6 protein. The present results suggest that central pro-inflammatory cytokines play a salient role in the suppression of Arc and impairments of LTM by a peripheral immune challenge in older animals.
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Introduction
In older animals, the CNS exhibits a sensitized neuroinflammatory response to peripheral as well as central administration of pro-inflammatory agents (Abraham et al., 2008; Barrientos et al., 2009 Barrientos et al., , 2006 Chen et al., 2008; Godbout et al., 2005) . Induction of neuroinflammatory processes or treatment with neuroinflammatory mediators/products has profound effects on learning and memory, in particular hippocampus-dependent memory processes (Barrientos et al., 2009 (Barrientos et al., , 2006 (Barrientos et al., , 2002 (Barrientos et al., , 2003 (Barrientos et al., , 2004 Gibertini et al., 1995; Hauss-Wegrzyniak et al., 1998; Hein et al., 2007; Oitzl et al., 1993; Pugh et al., 2000; Pugh et al., 1998; Shaw et al., 2001; Tanaka et al., 2006; Thomson and Sutherland, 2005) . The time course of hippocampal-dependent memory deficits occurs in parallel with a protracted neuroinflammatory response to peripheral infection in aged animals (Barrientos et al., 2009 (Barrientos et al., , 2006 . It is important to note that peripheral infection in young animals (3 months) does not induce a protracted neuroinflammatory response as well as a deficit in hippocampal-dependent memory (Barrientos et al., 2009) . However, how the neuroinflammatory response to peripheral infection may compromise memory processes in older animals is unknown and is the focus of the present investigation.
Mediators of neuroinflammation, including pro-inflammatory cytokines (IL-1b, IL-6, TNFa, and IL-18), are known to modulate the putative neurobiological substrates (LTP) of memory formation (Cumiskey et al., 2007; Curran and O'Connor, 2003; Tancredi et al., 2000; Vereker et al., 2000) . Aged animals show deficits in LTP, which are accompanied by increases in pro-inflammatory cytokines (Lynch, 1998) . However, the molecular mechanism(s) mediating pro-inflammatory cytokine suppression of LTP has yet to be fully characterized.
Investigations into the molecular basis of LTP have yielded several genetic targets (Tzingounis and Nicoll, 2006) . Of these targets, the effector immediate early gene (IEG) Arc (activity-dependent cytoskeletal-associated protein) exhibits several unique features, which underscore its importance in memory consolidation (Bramham et al., 2008) . Arc mRNA is rapidly and specifically distributed throughout the dendritic arbor post-induction (Link et al., 1995; Lyford et al., 1995) and localized to regions receiving direct synaptic activation (Steward et al., 1998) . Suppression of Arc impairs long-term memory (LTM) consolidation, whereas acquisition and short-term memory (STM) are unaffected (Guzowski et al., 2000) . 
